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Abstract 

Blow-molding machines are divided into two types: (1) rotary type blow-molding machine, and (2) linear type 

blow-molding machine. Good kinematic characteristics of mold clamping mechanism is the goal pursued by 

manufacturers of blow-molding machine. Traditionally, the mold clamping mechanism has only one dead-position 

configuration for the mold in the closed position. When the mold is in the open position, the mold clamping 

mechanism does not have dead-position configuration. This study focuses on the design of mold clamping 

mechanisms with two dead-position configurations when the mold is in open and closed positions. Firstly, with 

reference to the existing patents, based on the Yan's creative design methodology, four design concepts of mold 

clamping mechanisms are synthesized. Then, according to the studies on kinematics of mechanisms, three mold 

clamping mechanisms with two dead-position configurations are also synthesized. The results of this paper will 

enhance the research and development (R&D) capability of the mold clamping mechanisms to improve industrial 

competitiveness. 
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1. Introduction 

Due to the reason that the usage of Polyethylene terephthalate (PET) bottles is more and more widely, how to increase the 

production of PET bottles has become a major issue for the manufacturers. The requirements of the blow-molding machine 

will be stricter than ever. In order to improve the stability of the production of PET bottles, reducing the vibration and noise 

during the production process, extending the life of the machine, it is necessary to analyze the kinematics of mold clamping 

mechanism. Good kinematic characteristics of mold clamping mechanism is the goal pursued by manufacturers. 

Blow-molding machines are divided into two types: (1) rotary type blow-molding machine as shown in Fig. 1 (a), and (2) linear 

type blow-molding machine as shown in Fig. 1 (b). The motion of linear blow-molding machine is linear and reciprocated. The 

mold clamping mechanisms for linear type blow-molding machine are simple, stable, and reliable. Figs. 2 (a) and 2 (b) show 

the linear type blow-molding machine and its mold clamping mechanism. Traditionally, the mold clamping mechanism of 

linear type blow-molding machine has only one dead-position configuration for the mold in the closed position. When the 

mold is in the open position, the mold clamping mechanism does not have dead-position configuration. It results poor 

kinematic characteristics (larger or infinite acceleration), and causes blow-molding machine unstable. For the mold clamping 

mechanisms with two dead-position configurations in open and closed positions, it will have better kinematic characteristics 

(smaller max. acceleration), and causes blow-molding machine more stable. 
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(a) Rotary type blow-molding machine 

 

(b) Linear type blow-molding machine 

Fig. 1 Types of blow-molding machines 

 

  

(a) Linear blow-molding machine (b) Mold clamping mechanism 

Fig. 2 Linear blow-molding machine 

This study focuses on the design of mold clamping mechanisms with two dead-position configurations for linear 

blow-molding machine. Firstly, by referring to the existing patents [1-7] and the studies on the creative design [8-13], four 

feasible design concepts of mold clamping mechanisms are synthesized. Then, according to the studies on kinematics of 

mechanisms [14-20], three mold clamping mechanisms with two dead-position configurations are also synthesized. When the 
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mold is in open and closed positions, the mold clamping mechanism will stay in the state of dead-position configuration 

(meanwhile, the mechanism is converted to desired structure). Hence, the mold clamping mechanisms with two dead-position 

configurations have the advantage of more safety. The results of this research can be used as reference when designing the real 

mold clamping mechanism and enhance R&D capability of the mold clamping mechanisms to improve industrial 

competitiveness. 

2. Existing Design 

 

(a) Clamping mechanism 

 

(b) Kinematic skeleton 

Fig. 3 The mode clamping mechanism of servo-drive type injection molding machine [1] 

 

 

(a) Opening/closing mechanism 

 

(b) Kinematic skeleton 

Fig. 4 Driving device of controlling mode opening and closing for plastic molding machine [2] 
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Lots of researches have been done about the topological characteristics for mold clamping mechanisms. Fig. 3 [1] and Fig. 

4 [2] show planar mechanisms with 6 links and 7 joints. 

For the mold clamping mechanism shown in Figs. 3 and 4, the mold clamping mechanism has a dead-position 

configuration when the mold is in the closed position. However, when the mold is in the open position, the mold clamping 

mechanism does not have dead-position configuration. The purpose of this paper is to design the mold clamping mechanism 

having dead-position configurations when the mold is in the open and closed positions. 

The mobility of planar mechanism can be obtained by following equation. 

F=3(N-J-1)+Σfi (1) 

where N is number of links, J is number of joints, and fi is the degrees of freedom of joint i. The mechanisms, shown in Figs. 3 

and 4, have 6 links, 7 joints (5 revolute pairs and 2 prismatic pair), according to equation of mobility, we get: 

F=3(N-J-1)+Σfi =6(6-7-1)+7=+1 (2) 

The topological characteristics of mode clamping mechanisms for linear blow-molding machine are concluded as 

follows: 

(1) It consists of 6 members and 7 joints. 

(2) It has ground link (Gr, member 1), input slider (Sin, member 2), first connecting rod (member 3), rocker (member 4), 

second connecting rod (member 5), and output slider (Sout, member 6). 

(3) It has 7 joints including 5 revolute joints (JR) and 2 prismatic joints (JP). 

(4) It is planar mechanism with 1 degree of freedom. 

According to above reasoning, Fig. 5 shows the corresponding generalized chain of the patent [2] shown in Fig. 4. 

 

Fig. 5 Generalized chain of the mode clamping mechanism [2] 

3. Conceptual Design 

In 1998, Professor Yan proposed a creative design methodology [8], shown in Fig. 6, to create all feasible design concepts 

for mechanical devices. The steps are: 

Step 1: Identify the topological characteristics based on the existing designs with required design specifications. 

Step 2: Select any existing design and transform it into its corresponding generalized chain. 

Step 3: Synthesize all generalized chains that have the same numbers of links and joints as the generalized chain obtained in 

Step 2. 

Step 4: Assign types of links and joints to each generalized chain obtained in Step 3, to have the atlas of feasible specialized 

chains based on the algorithm of specialization to meet the design requirements and constraints. 

Step 5: Particularize each feasible specialized chain obtained from Step 4 to its corresponding schematic format of mechanical 

device, to have the atlas of mechanical devices. 
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Fig. 6 Yan’s creative design methodology [8] 

3.1   Atlas of kinematic chain 

According to the process of number synthesis, 2 kinematic chains with 6 links and 7 joints, shown in Fig. 7, are 

synthesized. 

  

(a) 6-1 (b) 6-2 

Fig. 7 Atlas of (6, 7) kinematic chains 

3.2   Design requirements and constrains 

Based on the concluded topological characteristics of existing designs, the design requirements and constrains of the 

mode clamping mechanisms are concluded as follow: 

(1) There must be a ground link (Gr), input slider (Sin,), output slider (Sout). 

(2) The ground link as the frame must be ternary link. 

(3) The ground link (Gr) must be adjacent to input slider (Sin) and output slider (opening/closing mold, Sout) with prismatic 

pair. 

(4) Input slider (Sin) and output slider (Sout) can’t be in the same circuit with 1 degree of freedom. 

(5) The mode clamping mechanism only includes prismatic pair (JP) and revolute pair (JR). 

(6) The mode clamping mechanism must have 2 prismatic pairs. 

3.3   Specialization 

Subject to certain design requirements and constraints, the specializing steps for mode clamping mechanism are 

concluded as follow: 

Existing Designs 

Generalization Topological 
Characteristics 

Generalized Chains 

Number Synthesis 

Atlas of Kinematic Chains 

Specialization Design Requirement 
and Constraints 

Atlas of Feasible Specialized Chains 

Particularization 

Atlas of Designs 
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(1) For each generalized (kinematic) chain, identify the ground link (Gr) for all possible cases. 

(2) For each case obtained in step 1, identify input slider (Sin, denoted by thick black line  ) and output slider (Sout, 

denoted by thick black line  ).  

(3) For each case obtained in Step 3, identify the corresponding revolute pair (denoted by ○) and prismatic pair (denoted by 

●). 

Based on the design requirements and constraints, 3 feasible specialization chains, shown in Figs. 8(a), 8(b), and 8(c), are 

generated by the process of specialization. 

   

(a) 6-1-1 (b) 6-2-1 (c) 6-2-2 

Fig. 8 Atlas of (6, 7) feasible specialized chains 

3.4   Particularization 

For each feasible specialized chain, it can be particularized into its corresponding kinematic skeleton by the reverse 

process of generalization. For the feasible specialized chains shown in Figs. 8 (a) ~8 (c), their corresponding kinematic 

skeletons of mode clamping mechanisms are shown in Figs. 9 (a)~9 (c). According to the kinematic skeletons shown in Figs. 9 

(a) ~9 (c), one possible multiple-joint mechanism is synthesized and shown in Fig. 9 (d). 

  

(a) Mechanisms (I) (b) Mechanisms (II) 

  

(c) Mechanisms (III) (d) Mechanisms (IV) 

Fig. 9 Atlas of feasible mold clamping mechanisms of (6, 7) generalized chain 

4. Clamping Mechanisms with two Dead-Position Configurations 

4.1   Case I 

Fig. 10 (a) and 10 (b) show the mode clamping mechanism (I) and its corresponding vector coordinate system of the 

mechanism shown in Fig. 9 (a). According to Fig. 10 (b), the mechanism has two independent vector loops (vector loops 1 and 

2). Vector loops 1 and 2 can be expressed as follows: 

 
(3) 2 3 4 0ar r r  
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(4) 

According to Fig. 10 (b), θ4a＝θ4b+α and θ4c＝θ4a-π+β are the given conditions. If we substitute them into the above 

equations, then the components X and Y can be expressed as: 

 (5) 

 

 
(6) 

 

 (7) 

 

 (8) 

 

 
 

(a) Kinematic skeleton (b) Vector coordinate system 

Fig. 10 Mold clamping mechanism (I) 

 

  

(a) Closed position (dead-position configuration, line L1) (b) Open position (dead-position configuration, line L2) 

Fig. 11 Mold clamping mechanism (I) with two dead-position configurations 

If r2y＝153.5mm, r3＝176mm, r4a＝190mm, r4b＝r5＝250mm, α=30⁰, then r4c＝127.78mm and β=101.97⁰. According to 

Eqs. (5) ~ (8), we get: 

(1) If θ4b＝0⁰ (θ4a＝30⁰), then θ3＝-19.41⁰, r2x＝-1.45mm, θ4c＝θ4a-π+β＝-48.03⁰, θ5＝0⁰, and r6＝500mm. Fig. 11 (a) shows 

the corresponding dead-position configuration (line L1) of mode clamping mechanism at closed position. 

(2)  If θ4b＝60⁰ (θ4a＝90⁰), then θ3＝11.97⁰, then r2x＝-171.22mm, θ4c＝θ4a-π+β＝11.97⁰, θ5＝-60⁰, and r6＝250mm. Fig. 

11(b) shows the corresponding dead-position configuration (line L2) of mode clamping mechanism at open position. 

According to Figs. 11 (a) and 11 (b), the complete mechanism of mode clamping mechanism (I) with two dead-position 

configurations are shown in Figs. 12 (a) and 12 (b). 

4 5 6 0br r r  

2 3 3 4 4cos cos 0x a ar r r   

2 3 3 4 4sin sin 0y a ar r r   

4 4 5 5 6cos cos 0b br r r   

4 4 5 5sin sin 0b br r  
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(a) Closed position (dead-position configuration, line L1) (b) Open position (dead-position configuration, line L2) 

Fig. 12 Complete mechanism of mold clamping mechanism (I) with two dead-position configurations 

4.2   Case II 

Fig. 13 (a) and 13 (b) show the mode clamping mechanism and its corresponding vector coordinate system of the 

mechanism shown in Fig. 9 (b). According to Fig. 13 (b), the mechanism has two independent vector loops (vector loops 1 and 

2). Vector loops 1 and 2 can be expressed as follows: 

 
 

(a) Kinematic skeleton (b) Vctor coordinate system 

Fig. 13 Mold clamping mechanism (II) 

 

 
(9) 

 

 
(10) 

According to Fig. 13 (b), θ3c＝θ3a+π-β are the given conditions. If we substitute them into the above equations, then the 

components X and Y can be expressed as: 

 
(11) 

 

 
(12) 

 

 
(13) 

2 3 4 0ar r r  

4 3 5 6 0cr r r r   

2 3 3 4 4cos cos 0x a ar r r   

2 3 3 4 4sin sin 0y a ar r r   

4 4 3 3 5 5 6cos cos cos 0c cr r r r     
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(14) 

If r2y＝162.8mm, r4＝94mm, r3a＝162.8mm, r3c＝156mm, r5＝250mm, and β=90⁰, according to Eqs. (11) ~ (14), we get: 

(1) If θ4＝0⁰, then θ3a＝-90⁰, r2x＝94mm, θ3c＝θ3a+π-β＝0⁰, θ5＝0⁰, and r6＝500mm. Fig. 14 (a) shows the corresponding 

dead-position configuration of mode clamping mechanism at closed position. 

(2) If θ4＝60⁰, then θ3a＝-30⁰, r2x＝-93.99mm, θ3c＝θ3a+π-β＝60⁰, θ5＝-60⁰, and r6＝250mm. Fig. 14 (b) shows the 

corresponding dead-position configuration of mode clamping mechanism at open position. 

According to Figs. 14 (a) and 14 (b), the complete mechanism of mode clamping mechanism (II) with two dead-position 

configurations are shown in Figs. 15 (a) and 15 (b). 

 
 

(a) Close position (dead-position configuration, line L1) (b) Open position (dead-position configuration, line L2) 

Fig. 14 Mold clamping mechanism (II) with two dead-position configurations 

 

 
 

(a) Closed position (dead-position configuration, line L1) (b) Open position (dead-position configuration, line L2) 

Fig. 15 Complete mechanism of mold clamping mechanism (II) with two dead-position configurations 

4.3    Case III 

Fig. 16 (a) and 16 (b) show the mode clamping mechanism and its corresponding vector coordinate system of the 

mechanism shown in Fig. 9 (c). According to Fig. 16 (b), the mechanism has two independent vector loops (vector loops 1 and 

2). Vector loops 1 and 2 can be expressed as follows: 

4 4 3 3 5 5sin sin sin 0c cr r r    
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(a) Kinematic skeleton (b) Vector coordinate system 

Fig. 16 Mold clamping mechanism (III) 

 

 

 

(a) Close position (dead-position configuration, line L1) (b) Open position (dead-position configuration, line L2) 

Fig. 17 Mold clamping mechanism (III) with two dead-position configurations 

 

 
(15) 

 

 
(16) 

According to Fig. 16(b), θ4b＝θ4a-π+β are the given conditions. If we substitute them into the above equations, then the 

components X and Y can be expressed as: 

 
(17) 

 

 
(18) 

 

 
(19) 

 

 
(20) 

If r2y＝120mm, r3＝120mm, r4a＝250mm, r4b＝120mm, r5＝250mm, and β=90⁰, according to Eqs. (17) ~ (20), we get: 

(1) If θ5＝0⁰, then θ4a＝0⁰, r2x＝380mm, θ4b＝θ4a-π+β＝-90⁰, θ3＝0⁰, and r6＝500mm. Fig. 17(a) shows the corresponding 

dead-position configuration of mode clamping mechanism at closed position. 

5 4 6 0ar r r  

2 3 4 6 0br r r r   

5 5 4 4 6cos cos 0a ar r r   

5 5 4 4sin sin 0a ar r  

2 3 3 4 4 6cos cos 0x b br r r r    

2 3 3 4 4sin sin 0y b br r r   
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(2) If θ5＝-60⁰, then θ4a＝60⁰, r2x＝42.15mm, θ4b＝θ4a-π+β＝-30⁰, θ3＝-30⁰, and r6＝250mm. Fig. 17(b) shows the 

corresponding dead-position configuration of mode clamping mechanism at open position. 

According to Figs. 17(a) and 17(b), the complete mechanism of mode clamping mechanism (III) with two dead-position 

configurations are shown in Figs. 18(a) and 18(b). According to Fig. 18(b), the mold is damaged because of too large stroke of 

the input slider, so it is not a good design. 

 

 

(a) Closed position (dead-position, line L1) (b) Open position (dead-position, line L2) 

Fig. 18 Complete mechanism of mold clamping mechanism (III) with two dead-position configurations 

5. Conclusions 

Traditionally, the mold clamping mechanism does not have dead-position configuration for the mold in the open position. 

This study focuses on the design of mold clamping mechanisms with two dead-position configurations when the mold is in 

open and closed positions. Firstly, by referring to the existing patents and the studies on the creative design, four feasible 

design concepts of mold clamping mechanisms are synthesized. Then, according to the studies on kinematics of mechanisms, 

three mold clamping mechanisms with two two dead-position configurations are also synthesized. Because of too large stroke 

of input slider, the design case III is not good. Only two mold clamping mechanisms with two two dead-position configurations 

(case I and case II) can be used to design the real mold clamping mechanism for linear blow-molding machine. The results of 

this research will enhance R&D capability of the mold clamping mechanisms to improve industrial competitiveness. 
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